Abstract. Triangular mesh is one of the widely used digital representation modes in CAD and CAM. And the offset operation of planar polygon takes an important role in path planning of layer milling complicated surfaces represented by triangular mesh. A vertex classification based adjusting method is presented. It improves the performance of edge isometry based offset algorithm.
Introduction
Calculating the offset contours of planar polygons is one of the most important step in tool path planning of layer milling and data process of rapid prototyping. There are many researches and achievements in the offsetting algorithms of planar polygon. The implemented algorithms can be divided into such three types as edge isometry based, Voronoi Graph based and offset line search based.
Edge isometry based offset algorithm is very intuitive, easy to understand, obvious geometrically with its calculation process and strong adaptively. But there is also some shortcoming for it. Its efficiecy is not high, because it must deal with the complex operation to connect the offset edges, to remove ther redundant rings and to conduct a large amount of validity tests for avoidance of interference. Hansen and Arbab [1] , Suh and Lee [2] simplified the judgement of the interferent segments and impoved the reliability and effeciency of this algorithm. Zhang [3, 4] implemented such algorithm in the rapid prototyping data process of laser spot radius compensation.
Yan [5] and Kim [6] used the Voronoi Graph to calculate the offset contours of planar polygons. In most cases of implementing this algorithm there is no need of the judgement and removel of self-intersecting rings. But the unavoidable calculation of angular bisector results in heavy time-consuming work. And the complicated judgement and computation is to be involved in the application of this kind of algorithm for the complex concave polygons or the boundaries of complex connected region [4] .
The bacis idea of offset line search based algorithm is to guarantee the least distance between any point on the offset contours and any point on the original polygons equal to given offset distance. It is a relatively successful algorithm. But the necessary calculation of distance makes its speed low.
The biggist question for the Voronoi Graph based offset algorithm is that it is time consuming because the computation of the Voronoi Graph for planar polygons is complicated and the further operation of intersecting points solving and offset edges searching is rather complex. In the application of offset line search based algorithm there are many times of calculation of the distance between the point and the polygons which is a heavy burden for computer. So the edge isometry based offset algorithm is chosen as the study object. Zhao used this type of algorithm to complete the path planning of stereo lithography [7] and Zhang applied it in path planning of metal powder rapid prototyping [3] .
After triangular mesh of the work piece is layerly sliced by a set of planes, a group of regular planar polygons are received. These polygons can be divided into inner rings and outer rings. The counter-clockwise is assigned to the outer rings as the postive direction and the clockwise for the inner rings. There are at least one outer ring and a number of inner rings in one layer contour. In the data processing of some traditional rapid prototyping systems such as SLA there exists polygon contour offset operation. But the offset distance is usually fairly short, so the offset contours are near to the original ones and they resemble each other. And after the operation of simple offseting and linking, the resulted offset contour can fulfill the demand of the system. Even if there were some self-intersecting rings, the condition could be very simple.
To accomplish the roughing tool path planning of layer milling with flat end cutter, it is necessary to twice make the offset operation to the slice contours in order to generate the loop cutting tool center path and the contours for the calculation of end points of the scanning lines. The offset distance here is more longer than that in traditional prototyping. So there may be a lot of locally and globally self-intersecting rings in the process of offseting. If there were no proper process before offset opertion and did it as in the traditional prototyping, the resulted offset contours would be very confusing and be hard to pick up the valid rings.
A polygon composed of only one outer ring is offset outerward with different distances, and the resulted contour polygons are illustrated in Fig. 1 . The edge isometry based offset algorithm is adopted, in which the edges offset from the ones connected by convex vertex are linked with line and the concave vertexes are moved on their corresponding bisectors. Where the offset distance is short enough such as in fig.1(a) , the offset contour is near and similar to the original one and only simple self-intersection occures. With the offset distance becoming longer as in fig.1(b) , (c), (d) the self-intersection phenomena become more complex and it is almost impossible to find out some proper rules to resolve the offset contours and to eliminate the invalid portions.
So a vertex locally adjusting method is proposed to improve the edge isometry based offset algorithm. The flow chart of the new algorithm is illustrated in fig.2 .
Polygon vertex locally adjusting method
According to the offset distance and the type of vertex determined by the relative position of its nerboring vertexes, the locally adjusting operation of the vertex will be done. For the polyons in a slicing layer, the vertex locally adjusting operation flow chart is given in fig.3 .
The vertexes can be classified into three kinds, which are convex vertex, flat vertex and concave vertex illustrated in fig.4 . A discriminant What to do with the concave vertex is determined by the relative positon of its neighbor vertexes and the offset distance r. A critical edge length is calculated according to the offset distance r and the position vectors of v i , v i-1 and v i+1 .
As illustrated in fig.5(a) , draw a r radius circle in the included angle area of the neighbor edges of vertex v i , let its center on the bisector of the angle and let it tangent to these two edges or their extended line respectively on point v t1 and point v t2 . Now the length between v i and v t1 or v i and v t2 is defind as the critical edge length Lc. fig.6 .
The first kind of concave vertex is given in fig.6(a) , in which the lengths of the two neighbor edges of the concave vertex v i are both greater than the critical edge length Lc. And no adjustment for this kind of vertex is to be done .
The second kind of concave vertex is illustrated in fig.6(b) , in which L 1 is smaller than Lc and L 2 is not. The position of this kind of concave vertex v i need to be changed. The vertex moving principle is that the offset contours should resemble the original polygons as possible and this adjustment should not cause undercut phenomemon. The vertex moving process can be divided into two steps as folling.
In the first step, the vertex is moved along the direction of 2 v by a certain length to`i v . Then recalculate the critical edge length L as illustrated in fig.8(a) . In the second step, sign the unit vector of the directional edge v i+1 v i+2 with 3 v . What to do next is attribute to the relative position of the edges of v i+1 v i+2 , v i-1 v i and v i v i+1 . If , the relative position of the neighbor edges belong to the type illustrated in fig.8(f) . The vertex v i+1 is to be eliminated from the vertex array, and then the No.i and No. i+1 vertexes are to be readjusted.
The 4th kind of concave vertex is illustrated in fig.6(d) , in which L 1 and L 2 are both smaller than Lc. The position of this kind of concave vertex v i need to be changed in four steps as following.
Step
, turn to step 4, else go on with step 2.
Step 2. Here L 1 <L 2 , as is shown in fig.9 , in which the circles have the same radius of r equal to the offset distance and the circle centered o 1 is tangent to the lines of edge v i-1 v i and edge v i v i+1 . And v t2 is the point of tangency of the circle and the line including v i v i+1 . Then parallel to v i v i+1 move the circle center to o 2 , and let the vertex v i-1 lie on the circle, sign the new point of tangency with
，then adjust the vertex v i by the way as the same as that of the second type of concave vertex, as is illustrated in fig.9 
, as is shown in fig.9(b) and fig.9 (c), turn to step 4. 
Step 3. Here 
，then adjust the vertex v i by the way as the same as that of the third type of concave vertex, as is illustrated in fig.10( 
, as is shown in fig.9(b) and fig.9 (c), turn to step 4.
Step 4. Eliminate the vertex v i from vertex array. And go on with the adjusting operation for the No.i-1 and No. i vertexes.
Thus classify the vertexes of the polygons according to the relative positions to their neighbor vertexes and the given offset distance. Different adjusting strategies are adopted for different kinds of vertexes as shown above and at the same time it is necessay to take recursive adjusting operation for the neighbor vertexes influenced by the vertex adjusting.
Conclusion
The concave vertexes with relatively acute angles have been eliminated or substituted after the vertexes were locally adjusted. So it is avoided that the vertex reflects in the offset process. Comparing with the method that the concave vertexes are all deleted, the proposed one can give more accurate offseting contours. The proposed method is more stable than the one presented in [7] . It has been used successfully in the milling tool path planning software fo a substractive rapid prototyping system. 
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